
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



[ 73 1 



An Account of Jome Experiments on WHEEL CARRIAGES. 
In a Letter from RICHARD LOVEL EDGWORTH, Efq- 3 
M.R.I.A. and F.R.S. to the Rev. Dotfor HENRY USSHER, 
M. R. I. A. and F. R. S. 



Dear Sir, 

1 OU may, perhaps, have experienced what I now feel in Read March 
fitting down to write upon a fubject that is not likely to be > l 7 ' 
interefting to many readers, and that is of fuch familiar ufe as 
to promife neither novelty nor material information. People 
imagine that they are intimately acquainted with what they 
have been long accuftomed to fee j and the mind feels averfe to 
that retrograde motion which leads it back to iirft principles, 
when it neither fears error nor expects difcovery. 

The notes from which the following paper is compofed 
have lain by me for fome years, and the considerations which 
I have juft mentioned have continually prevented me from 
drawing them into a connected form for publication ; but what 

L appears 



[ 74 ] 

appears to me a duty, as a member of a literary academy, 
overcomes my reluctance, and calls upon me to contribute fome- 
thing, though I may be afhamed of the infignificance of my 
contribution. 

I was prefent, in 1773, at a fet of experiments that were 
tried in London to determine the relative advantage of high 
and low wheels for carriages. Difputes had arifen upon this 
fubjed between mechanics of no fmall eminence, and to deter- 
mine them an apparatus was provided, confifting of a very long 
and fmooth table, upon which the carriages to be compared were 
to be drawn by a firing and a defcending weight. The car- 
riages were conftru&ed by fome of the belt workmen in London ; 
the firings were made of plaited filk of fmall diameters, paffing 
over a pulley nicely turned, and mounted in fuch a manner as 
to have fcarcely any fri&ion. The experiments, however, were 
undecifive, each party claiming their evidence in favour of their 
own opinion ; very little difference was perceptible between the 
carriages when they ran upon the fmooth table ; and when 
they were drawn over obftacles, fometimes the high and at other 
times the low wheels had the advantage, according to the dif- 
ferent heights and fhapes of the obftacles. It appears upon a 
firft view that the force which drew thefe carriages was em- 
ployed only in overcoming the friction of the axle-tree, or in 
lifting the weight over the obftacle. But I fufpected at the time, 
and have been fince convinced, that an obftruclion of another 
fort exifted, which was more confiderable than either of thole 
which I have mentioned, and which has not to my knowledge 
been taken notice of by any writer upon mechanics. 

The 
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The load upon a carriage in paffing over an obftacle refifts 
the power which draws it, not only by its weight, but by its 
vis-inertiae ; after a carriage has been once fet in motion upon 
a fmooth road with any given velocity, its motion, fo long as 
that velocity is continued, is neither retarded nor promoted by its 
vis-inertiae; but whenever it pafles over any height, not only 
the weight of the carriage muft be lifted up, but the vis-inertias 
of that weight muft be overcome in a new dire&ion, and as 
much velocity muft be communicated to it in that new direction 
as will enable it to rife to the height of the obftacle whilft it 
paffes over its bafe. When an obftacle is of fuch a fize and 
fhape that a wheel of fix feet diameter muft ftrikc the top of 
it at once, and not roll from the bottom upwards, and when its 
fhape will permit a fmaller wheel to touch it during its whole 
afcent, as there is more time allowed for overcoming the vis- 
inertias of its weight in the latter cafe than in the former, 
the fmaller wheel may be drawn forward by a lefs power than 
the larger, notwithftanding the advantage of lever, which is in 
favour of the larger wheel. 

To determine thefe circumftances by experiment, it was 
neceffary to conftruel an apparatus different from that which I 
have defcribed. I at firft made ufe of an inclined plane of five 
or fix feet long, and one foot high, placed upon a fmooth hori- 
zontal floor. The diftance to which the carriage was driven 
upon the floor by the velocity which it acquired in its defcent 
down this inclined plane, I affumed as the meafure of its ac- 
quired force, and the refiftance of any obftacle which I placed 
in its way I determined by the diminution of this diftance. But 
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though I was well fatisfied with the accuracy of this mode of 
trial, I conftruded another that might appear to others lefs liable 
to objedion. 

I screwed a circle of iron three feet three inches diameter 
upon a folid floor; in the centre of this circle I ereded an 
upright axis or roller upon two pivots, one retting in a focket 
of brafs upon the floor, the other in a bridge which was raifed 
acrofs the machine. This axis or roller had a fmall filk cord 
wound round its circumference, which patting into an adjoining 
ftaircale, had a fcale and weights tied to it, which turned the 
roller with the required velocity. From the roller a horizontal 
arm of wood extended to the circumference of this iron circle, 
and to its extremity was fattened a piece of ftecl in the form 
of an axle-tree of a carriage, and upon this was placed a 
wheel, which by thefe means was carried round upon the brafs 
circle, as the ftone of tanners bark-mill moves round the trough 
which belongs to it. This arm was permitted to move up and 
down by means of a hinge, fo as to let the wheel rife over any 
obftacle which was placed in its way. Befides this another arm 
was placed above that which carried the wheel, at the extremity 
of which was fattened a piece of tin, forming a vane, which, by 
its refiftance to the air, regulated the motion of the machine. 
The roller was now made to turn by putting weights into the 
fcale, and it was let to revolve until its motion became uni- 
form. After eight or ten turns it revolved with an equable velo- 
city ; and during every fct of experiments the fame velocity was 
preferved, and whatever refiftance the carriage was expofed to 
was overcome by the addition of weight. The additional weight 
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became therefore, in all cafes, the meafure of the additional 
refiftance, and determined with the greateft accuracy the refult of 
every experiment which I wiflied to try. 

Having found that nearly five pounds and a half was fuffi- 
cient to give the wheel, when loaded fo as to weigh about four 
pounds, a velocity of nearly ten feet in a fecond, I placed an 
obftacle of a quarter of an inch high upon the plane, and it 
required no lefs than fix pounds and a half to overcome its 
refiftance. Two fuch obftacles required fourteen pounds and a 
half. Two obftacles of the fame height, but of a different 
fhape* each making ah inclined plane of three quarters of an 
inch long and a quarter of an inch high, were fubftituted in 
the place of the former, and it required but two pounds to 
overcome their refiftance. The difference, therefore, between 
two and fourteen muft be attributed to vis-inertiae; for the velo- 
cities of the carriage and the heights of the obftacles remaining 
the fame, the only difference that exifts is, that in the one cafe 
the wheel has much more time to furmount the obftacle than 
in the other, and confequently had much lefs vis-inertiae to 
overcome. 

From this confideration it appears that whatever permits 
the load to rife gradually over an obftacle, without obftru&ing 
the velocity of the carriage, will tend to facilitate its draught ; 
and the application of fprings has this effect to a very confider- 
able degree. The fame weight of four pounds being drawn 
over the fame obftacles, when fprings were put between the 
load fl»4 the carriage, by four pounds inftead of fourteen. 

This 
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This remarkable difference points out the great advantage of 
fprings in rough roads ; an advantage which might be obtained 
for heavy waggons as well as for other carriages by a judicious 
application of the fame means. 

It has but feidom happened that the modefty of theory has 
promifed lefs than what has been verified by experiment ; but 
it appears from the Memoirs of the French Academy that the 
idea of applying fprings to carriages had occurred to Monfieur 
Thomas in the year 1703, who has given a drawing of a car- 
riage conftru&ed upon this principle many years before it was 
attempted to be put into execution. So little hope had he 
entertained of fuccefs, that he exprefsly mentions it as a theory 
which could not be reduced to practice j he had, however, no 
notion of applying fprings to facilitate the draught, but merely 
for the convenience of the rider j and I apprehend that it is not at 
prefent commonly imagined that fprings are advantageous for this 
purpofe ; nor would it at firft fight appear credible, that upon a 
rough paved road, fuch as are common in Cheshire and other 
parts of England, a pair of horfes could draw a carriage mounted 
upon fprings with greater eafe and expedition than four could 
draw the fame carriage, if the fprings and braces were removed, 
and the carriage bolted fall down to the perch. I tried forae other 
experiments with the fame apparatus to compare long and fhort, 
high and low carriages. I have loft the particular refults of each 
experiment, but I am well affured that the preference which has 
lately been given in England to high carriages is ill-founded 5 
that upon fmooth roads the height of the carriage is a matter 
of indifference as to the draught, and that in rough roads it is 
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confiderably difadvantageous ; that the length of carriages, if 
their weight be not encreafed, is alfo a matter of indifference, 
except in very uneven roads, and where there are deep ruts } 
in the former long carriages are preferable, in the latter (hort 
ones. 

I subjoin a drawing of the apparatus which I made ufe of 
in thefe experiments, and a table of the experiments, from 
which the mechanic may draw many ufeful obfervations, and 
which may fupply the mathematician with many curious and 
elegant fubje&s of inveftigation. 

Your's, &c, 

tv> L#> Jb/» 



TABL E. 



The weight of the load 3 lb. The weigr 
The fcale and weight descended fix inche 
The diameter of the wheel was two incl 



4 
5 



7 
8 



E X P E R I M I 

A vane of tin, 1 1 inches long, and 5 
an arm, projecting from the roller, 
the machine by its refinance again! 
the vane 21 inches from the centre of 

The fame as No. 1, with the wheel 
circle - 



The fame as No. 2, but with an obfta 
on the road - 

The fame as No. 2, but with two obfta< 

Ditto, with two inclined planes, ^ inch 
of the obftacles - 

Springs placed between the weight and 
i inch high, placed on the road 

Same as No. 1, with half the velocity- 
Same as No. 4, with half the velocity- 
Same as No. 6, with half the velocity 



T 



A 



B 



d 3 lb. The weight of the load, wheel and carriage, &c. 4-lb. 

descended fix inches and two-tenths every revolution of the roller. 

wheel was two inches nine-tenths, and the circumference of the circle upon which 



EXPERIMENTS. 

nches long, and 5 and i broad, fattened to 
g from the roller, to regulate the motion of 
its refinance againfl the air j the extremity of 
s from the centre of the roller, made 

[, with the wheel running upon the iron 



, but with an obftacle of \ inch high, placed 

but with two obstacles 

ined planes, \ inch high, -f inch long, inftead 

;en the weight and the wheel, two obftacles 
1 on the road - 

half the velocity - 

half the velocity - 

half the velocity - - 
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Time. 


Weight. 


1 






Seconds. 


lb. 


oz. 


The refill 


20 


20 
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ro 




moving 
This we 
in the fi 


20 


20 
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10 
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4 lb. 100: 
5 lb. 1 c 
motion 


20 


20 


12 
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The refiftfl 


20 


20 


20 
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The refifta 


20 


20" 
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The refifta 


20 


20 
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The refill 
ufed, or 


10 


20 
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Refinance 


10 


20 
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Refiftance 


10 


20 


3 


8 
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Refiflance 



E. 
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Her. 

circle upon which the wheel ran was ten feet three inches and a quarter. 



fght. 



oz. 



10 



10 



O 



8 
6 
8 
8 



4 

5 



OBSERVATIONS. 

The refinance- of the air againft the vane, and againft all the 
moving parts of the machine, was equal to 
This weight muft therefore be deducted from the weights ufed 
in the fubfequent experiments. 

4 lb. 10 os. being deduced for the refiftance of the air from 
5lb. iooz. the remainder was the refiftance occafioned by the 
motion of the wheel on the fmooth board 

The refiftance of an obftacle of 4 inch high 



The refiftance of two obftacles of i inch high 

The refiftance of inclined planes inftead of abrupt obftacles 



6 The refiftance of two obftacles 4- inch high when fprings were 
ufed, only «__.__ 



7 
8 



Refiftance of the air to half the former velocity 
Refiftance of two obftacles with half the former velocity 
Refiftance of ditto with fprings - 



lb. 


oz. 


4 


10 


1 





6 


6 


H 


6 


1 


14 


3 


14 


1 


6 


6 


2 


2 


2 



8o 



ten feet three inches and a quarter. 



V A T I O N S. 

ainft the vane, and againft all the 

le, was equal to 

be deducted from the weights ufed 

ats. 

for the refiftance of the air from 
was the refiftance occafioned by the 
i fmooth board 

of 4 inch high 

:s of 4- inch high 

aes inftead of abrupt obftacles 

les i inch high when fprings were 

he former velocity 

th half the former velocity 



lb. oz. 
4 10 



1 o 

6 6 

14 6 

1 14 

3 H 

1 6 
6 2 

2 2 



